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Carotid endarterectomy saphenous vein patch 
rupture revisited: Selective use on the basis 
of vein diameter 
Joseph P. Archie, PhD, MD, Raleigh and Chapel Hill, N.C. 
Purpose: The single major disadvantage of carotid endarterectomy (CEA) patch recon- 
struction with greater saphenous vein (GSV) is central patch rupture, which has a reported 
incidence of 0.5% to 4%. This is a prospective evaluation of the selective use of GSV for a 
CEA patch based on previously established vein diameter criteria. 
Methods: Between 1988 and mid-1995, 534 of 671 CEAs (80%) were reconstructed with 
GSVs that had a distended diameter ->3.5 mm. Thigh veins were used inall 252 women who 
underwent CEA. Of the 282 men who underwent CEA, 265 GSVs (94%) were harvested 
from below the knee and 17 from the thigh. During this period four thigh and 13 
below-knee veins (3.2%) were rejected because the diameter was <3.5 ram, and a synthetic 
patch was used instead. In 408 of the CEAs with GSV (76%) the vein rupture pressures and 
diameters were measured, the CEA geometry was measured, and the predicted CEA vein 
patch rupture pressures were calculated. 
Results: No GSV patches ruptured in this series. This compares favorably with three patch 
ruptures in 239 previous CEAs when no vein diameter criteria was used (p = 0.03). This 
also compares favorably with a multicenter series of 13 GSV patch ruptures (0.73%) in 
1773 CEAs (p = 0.03) and with a single-center series of eight ruptures (0.47%) in 1699 
CEAs (p = 0.05). GSV diameters were 4.9 _+ 0.9 nun (mean + 1 SD); vein rupture 
pressures, 3.9 + 1.5 atmospheres; carotid bulb major axis diameters, 12.5 + 1.6 ram; 
carotid bulb maximum diameters of curvature, 14.2 + 2.2 mm; and CEA patch rupture 
pressures, 1.3 + 0.6 atmospheres (range, 280 mm Hg to 4 atmospheres). CEA vein patch 
rupture pressure correlates positively with vein diameter (p < 0.001, slope), but there is 
wide variability (correlation coefficient = 0.39). The 14 CEAs (3.4%) with predicted 
rupture pressures <400 mm Hg were performed with veins 3.5 to 5.5 nun in diameter 
(mean, 4.2 mm), and all had carotid bulb major axis diameters >12 nun (mean, 15.3 ram). 
Eight of these CEAs were reconstructed with thigh veins. 
Conclusions: Use of GSVs with a distended iameter _>3.5 mm for CEA patch reconstruc- 
tion significantly reduces the probability of central patch rupture; however, a few CEAs 
reconstructed with veins > 3.5 mm in diameter and large carotid bulbs have predicted patch 
rupture pressures <400 mm Hg. Because at times some veins will have rupture pressures 
lower than desirable, CEA reconstruction should be tailored to keep the carotid bulb major 
axis diameter <13 mm. (J Vasc Surg 1996;24:346-52.) 
Carotid endarterectomy (CEA) patch reconstruc- 
tion is advised and frequently used by many sur- 
geons. 1-8 Although the debate and controversy over 
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the optimal carotid patch material continues, few 
surgeons will disagree that autologous greater saphe- 
nous vein (GSV) has both real and theoretic advan- 
tages. Saphenous vein is easy to handle and tailor, 
provides excellent hemostasis, and has an endothelial 
surface. Minor disadvantages to the use of GSV as a 
CEA patch are harvest-site wound complications and 
discomfort and the possibility that the GSV may be 
needed for a future bypass graft procedure. These risks 
are acceptable if the GSV is clearly the superior 
material to use for CEA patch reconstruction. A major 
drawback of GSV use, however, is early postoperative 
central vein patch rupture. This devastating compli- 
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cation has a reported incidence of 0.5% to  4.0%. 3'7'9-12 
Because of three patch ruptures between 1984 and 
1987, an investigation of the biomechanics ofsaphe- 
nous vein patch rupture was performed in 1987. x3 
This study demonstrated a positive linear elationship 
between vein diameter and both vein and carotid 
rupture pressure. GSVs with a distended iameter 
_>3.5 mm, independent of gender and harvest loca- 
tion, had acceptably high hoop rupture stresses and 
rupture pressures when used as a CEA patch. Many 
veins wit]~ diameters <3.5 mm were at a significant 
increased risk for rupture when used as a carotid 
patch. On the basis of these findings, only GSV with 
a distended iameter >3.5 mm were used for CEA 
patch reconstruction after 1987. This is a 7-year 
prospective study of the outcome and biomechanics 
of CEA patch reconstruction with GSV using this vein 
diameter criteria. 
PATIENTS AND METHODS 
From 1988 to mid-1995, 671 primary CEA 
procedures were performed in 614 patients. Of these, 
the 534 (80%) reconstructed with GSV patches are 
the basis of this study. All 252 women who underwent 
CEA had the GSV harvested from the thigh because 
the initial investigation ofvein rupture indicated that 
most veins with a distended iameter <3.5 mm were 
harvested from below the knee in women.13 All but 17 
of the 282 men who underwent CEA had patch 
reconstruction with veins harvested from below the 
knee. AfEer harvest he veins were dilated, and the 
diameter was measured with a caliper to within 0.25 
to 0.50 mm. During this period 17 other patients 
(3.2%) had GSVs harvested that were unacceptable 
because the distended iameters were <3.5 mm. Of 
these, three thigh/groin veins from women, and one 
thigh/groin vein from a man were rejected; thirteen 
ankle/below-knee v ins from men were rejected. All 
17 of these patients had CEA reconstruction with a 
synthetic: patch. Vein rupture pressures were mea- 
sured in unused adjacent vein segments of the same 
diameter as previously described) 3 There was ad- 
equate adjacent vein of the same diameter for mea- 
surements o be made in 408 of the CEAs (76%). The 
post-CEA major (D1) and minor (D2) diameters of 
the elliptical cross-section common carotid bulb were 
measured uring surgery with a caliper. 14 The maxi- 
mum diameter of curvature of the carotid bulb is D1 
squared ivided by D2. The predicted carotid patch 
rupture pressure isthe vein rupture pressure times the 
vein diameter divided by the carotid bulb maximum 
diameter of curvature) 3 Vein hoop rupture stress is 
the vein diameter times the vein rupture pressure 
divided by 2. These calculations are based on and 
consistent with the observed location of central patch 
rupture in the axial direction. 9-13 This is the location of 
both the maximum diameter of curvature of the 
carotid bulb and the highest circumferential or hoop 
wall stress. 13 
The average age of the patients at operation was 
68 + 9 years, 67 _+ 9 years for men and 69 + 9 years for 
women. The indications for CEA were transient 
ischemia in 172 patients, reversible ischemic deficit in 
13, stroke in 90, global ischemia in 66, and asymp- 
tomatic _>75% diameter stenosis in 193. A shunt was 
used in 60 CEAs (11%) when the mean carotid 
stump-back pressure minus the mean jugular venous 
pressure (mean cerebral perfusion pressure) was <18 
mm Hg. 2 
Patients were followed-up after surgery with color 
flow duplex scanning (Ultramark 9, Advanced Tech- 
nology Laboratory, Bothell, Wash.) at approximately 
1 month, 6 months, 1 year, and annually thereafter. 
All data were prospectively stored in a computer 
registry. Statistical analysis was by two-tailed Fisher 
exact est and linear regression. Computations were 
performed with JMP Statistical Software (SAS Insti- 
tute, Gary, N.C.). 
RESULTS 
No GSV patches ruptured in this series. One 
asymptomatic false aneurysm 2-cm in diameter was 
identified on duplex scan 1 month after CEA. The 
defect was in the suture line, not the patch, and was 
repaired with a single suture. Four patients (0.75%) 
died within 30 days. Three patients died of myo- 
cardial infarction, and one died ofintercerebral hem- 
orrhage caused by the hyperperfusion syndrome. 
Eight patients (1.5%) had strokes within 30 days of 
CEA, of which six were mild and resolved within 3 
months. Four strokes were ipsilateral to the CEA, 
three contralateral, and one in the posterior circu- 
lation. Of the four ipsilateral strokes, one was caused 
by emboli from the external carotid orifice, one was 
caused by an embolus from the CEA-produced com- 
mon carotid artery step, one was associated with the 
hyperperfusion syndrome, and one was a result of 
preocclusion manipulation ofan unrecognized, small 
ulcerative plaque 2 cm distal to the stenosis in the 
internal carotid artery. Four patients had the hyper- 
perfusion syndrome after surgery. Two patients had 
transient ischemic attacks soon after surgery. One 
early internal carotid artery occlusion was identified 
in an asymptomatic patient by duplex scan 5 weeks 
after CEA. Iliofemoral deep venous thrombosis also 
developed in this patient 1 week after CEA in the 
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Fig. 1. CarotidGSVpatchrupturepressure(yaxis)versus 
distended vein diameter (x axis) for 414 CEAs (y= 
0.244x + 0.152 atmospheres; p < 0.0001; cc = 0.386). 
leg from which the saphenous vein was harvested 
from the ankle. 
Table I compares the results of this series with the 
published incidence of GSV patch rupture. The 
multicenter series from the Western Vascular Society l° 
and a report from the Cleveland Clinic 11 are by far the 
largest. The number of ankle or below-knee veins that 
were used in these two series is not known. When the 
265 ankle veins from men in this series with no patch 
ruptures are compared with the three ruptures of 76 
anldc veins in the series reported by Riles et al., 9 the 
difference is statistically significant (p = 0.03). The 
numbers reported by Katz et alp and Scott et al.12 are 
qualitative because the exact number of CEAs per- 
formed during the period in which the three ruptures 
occurred isunclear from the publications. The pooled 
data in Table I indicates a GSV patch rupture rate of 
0.84% (34 of 4053; 95% confidence interval, 0.56% to 
1.]2%). 
The measurements and calculations for the 408 
CEA in whom vein diameters, carotid geometry, and 
vein rupture pressures were measured are given in 
Table II. Vein diameters of women were larger than 
those of men because of the thigh harvest location. 13 
This produced a significant difference be~vcen most 
measurements between men and women. Even 
though veins from women had larger diameters than 
veins from men, they had a lower rupture pressure; 
however, the predicted carotid patch rupture pres- 
sures for veins from men and women are almost 
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Fig. 2. Carotid GSV patch rupture pressure (y axis) versus 
distended vein diameter (x axis) for the 14 CEAs with a 
predicted carotid rupture pressure < 400 mm Hg (y= 
0.668x + 0.344 mm Hg; p = 0.96; cc = 0.01. 
identical. This is because carotid bulb dimensions are 
smaller in women. The relationship between carotid 
rupture pressures and distended vein diameters is 
given in Fig. 1. Whereas the slope of the linear 
regression analysis is significantly greater than zero, 
the data vary widely. Because low rupture pressures 
are of concern, the 14 CEAs with a predicted rupture 
pressure <400 mm Hg are given in Fig. 2. No 
correlation was found between vein diameter and 
rupture pressure in this small but important subset. 
Further analysis of the individual patients and their 
carotid geometry is, however, of interest. Of  these 14, 
six were in men and eight in women. All eight veins 
from women and one vein from a man were harvested 
from the thigh. The mean vein diameter for this 
subgroup was 4.2 mm (range, 3.5 to 5.5 mm). All 14 
CEAs had a carotid bulb major axis diameter ->12 mm 
(mean, 15.3 ram). 
D ISCUSSION 
Saphenous vein patch rupture is a devastating 
event for both the patient and the surgeon. A surgeon 
only needs to have a rupture happen once to appre- 
ciate the importancc of minimizing its likelihood. The 
incidence is probably around 1%, but few data exist 
other than those referenced herein. The patients of 
surgeons who use thigh veins will probably have a 
lower incidence of rupture than those who use ankle 
veins because of larger thigh vein diameters. The 
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Table I. Incidence of CEA saphenous vein patch rupture 
Publication CEA Rupture % Rupture p 
Tawes et al) ° multicenter series 1773 13 0.73 0.03 
O'Hara et al. u single-center series 1699 8 0.47 0.05 
Archie, before this series (1984-88) 239 3 1.26 0.03 
Riles et al. 9 anlde veins 75 3 4.0 0.01 
Eikelboom et al.7 67 1 1.5 NS 
Katz et al. s 100? 3 3.0? 0.02 
Scott et al. lz 1007 3 3.0? 0.02 
Probability values are for comparison with no patch ruptures in the 534 CEA in this series. Analysis is by Fishers' two-tailed exact test. 
Table II. Measured and calculated imensions, rupture stresses, and rupture pressures for 408 CEAs 
(217 male: and 191 female) 
Male Female All 
Vein diameter (mm) 
Vein rupture pressure (atmospheres) 
Vein hoop rupture stress (mm atmospheres) 
Carotid bulb major axis diameter (mm) 
Carotid bulb maximum diameter of curvature (ram) 
Carotid rupture pressure (atmospheres) 
4.62 + 0.72* 5.16 + 1.03 4.87 + 0.92 
4.40 + 1.50" 3.27 + 1.25 3.87 + 1.49 
10.2 + 3.87* 8.52 + 3.92 9.41 +_ 3.98 
13.5 + 1.53" 12.2 + 1.26 12.9 +_ 1.56 
15.1 + 2.28* 13.3 + 1.75 14.2 _+ 2.20 
1.37 + 0.561 1.29 + 0.60 1.34 +_ 0.58 
*p < 0.001; ~not significant (male vs female by t test). Values are mean + 1 SD. 
results of this study support the use of autologous 
GSV as a CEA patch when the distended vein diam- 
eter is >__3.!5 mm. The absence of patch rupture in 534 
consecutive GSV patch reconstructions is statistically 
significantly better at the 0.05 level than the known 
0.5% to 0.7% incidence reported in two large series, 
and the 1.2% incidence in this author's previous 
3-year experience when no vein diameter selection 
criteria were used. 
The predicted carotid patch rupture pressures in 
the 408 CEAs in which complete measurements were 
available correlate positively with vein diameter, but 
the data vary widely. The larger the diameter of the 
vein, the ]higher the rupture pressure is likely to be. 
Veins from women had a lower rupture pressure than 
veins from men even though veins from women had a 
larger diameter. This difference was observed in a 
previous tudy, ~s but the p values were not significant, 
probably because of small numbers, and thus a type II 
error is possible. It is likely that veins from women are 
weaker and have a lower rupture pressure than veins of 
the same diameter from men. These results suggest 
that the surgeon should use large-diameter GSVs for 
a CEA patch, particularly inwomen, even if it requires 
trimming them. 
The finding that 3.4% of CEA patch reconstruc- 
tions perfbrmed with GSV that had iameters >3.5 
mm had a predicted rupture pressure <400 mm Hg is 
of concern. Because these ruptures occurred in larger- 
diameter carotid bulbs, and because patch rupture 
pressure increases linearly with the maximum diam- 
eter of curvature of the carotid bulb, it is advisable to 
tailor the reconstruction. This may require trimming 
larger-diameter veins and taking deeper suture bites 
into the endarterectomized arterial wall. The latter 
recommendation also decreases the amount ofendar- 
terectomized nonendothelial surface. When applied 
in this way, both GSVs and synthetic patches do not 
increase the maximum diameter of curvature of the 
carotid bulb over preoperative values. 14 Also, patch 
reconstruction does not increase the hoop wall stress 
over what it is in a CEA primarily closed to pre-CEA 
dimensions. It is recommended that the maximum 
diameter of curvature of the carotid bulb be kept < 14 
mm Hg. This translates to a carotid bulb major axis 
diameter <1.3 mm. This latter dimension is easily 
measured at operation. The former must be calculated 
from the major and minor axis diameters of the 
elliptical common carotid bulb. 14 
This study is an application of  the results of a 
previous study of the relationship between GSV 
diameter and CEA patch rupture.~3 The earlier study 
demonstrated that small-diameter GSVs have lower 
rupture pressures and are therefore more likely to 
rupture when used as a CEA patch. In that study, 5.7% 
of GSVs (8.8% of women, 1.1% of men) had a 
predicted carotid rupture pressure <300 mm Hg, and 
1.8% veins (all from women) had a carotid rupture 
pressure <200 mm Hg. The majority of these veins 
had a diameter <3.5 ram. The 3.5-ram distended 
diameter criteria was determined from that study. 
Only 28 patients in that study, however, had their own 
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vein dimensions and rupture pressures applied to their 
own postoperative g ometry. The current study con- 
tains large enough numbers to provide a valid analysis 
of the predicted CEA rupture pressures. The 3.5-mm 
diameter criteria appears to be a simple and easily 
measured threshold for selecting GSVs for use as a 
CEA patch. In the current study, only 3.4% of veins 
had a predicted carotid rupture pressure <400 mm 
Hg and only one vein <300 mm Hg. 
Two large series report he incidence of GSV patch 
rupture after CEA. 1°,11 Tawes et al.,t0 in a multicenter 
report from the Western Vascular Society, found a 
0.73% incidence (13 of 1773) of autologous GSV 
patch rupture. Of  the 13 ruptures, the indications for 
a patch were a small carotid artery in 10 and restenosis 
in three. The former observation is interesting be- 
cause small preoperative carotid arteries hould have 
small postoperative diameters, and therefore low 
hoop wall stresses and rupture pressures. Ankle veins 
ruptured in 12 patients and a groin vein in one. They 
did not report he diameters of the veins used. O'Hara 
et al. n had a similar experience at the Cleveland 
Clinic, with a rupture rate of 0.47% (8 of 1699). All 
eight veins that ruptured were harvested from the 
ankle. The authors were uncertain as to the exact 
harvest location of a number of veins, but state that at 
least 370 were taken from the groin. Thus ankle veins 
had a higher rupture rate in their series than the 
reported 0.47%. 
Riles et al. 9 reported a 4% incidence (3 of 75) of 
CEA patch rupture with ankle veins. Before this, they 
used a large number of GSVs harvested from the thigh 
or groin and had not experienced CEA patch rupture. 
The comparison of the 265 ankle veins from men 
>3.5 mm in diameter in this study with the unselected 
ankle vein rupture experience of Riles et al. strongly 
suggests that ankle veins from men can safely be used 
as a carotid patch if the diameter is _>3.5 mm. Katz et 
al.,3 in an early report of  the advantage of GSV patch 
angioplasty CEA reconstruction, oted three ankle 
vein ruptures. They did not report the number of 
CEAs performed uring the observation period, but 
their low annual experience suggest hat the basis is 
approximately 100. This gives a rupture rate of 
approximately 3%. Similarly, Scott et al.12 reported 
three ruptures in approximately 100 operations (3%). 
All of these authors recommend harvesting GSVs 
from above the knee to decrease the incidence of 
patch rupture. In the previous tudy 13 we found ankle 
veins from women three times more likely than veins 
from men to have a diameter <3.5 mm. The recom- 
mendation for harvesting veins from the thigh or 
groin in women is valid because of the increased 
likelihood of a larger diameter vein, but it does not 
guarantee a safe vein. 
The cause of CEA GSV patch rupture is complex 
and multifactorial. Clearly, hypertension is a risk 
factor for rupture. Veins from women appear to have 
lower rupture pressures than veins of the same diam- 
eter from men. The acutely applied rupture pressure 
may be higher than the arterial blood pressure that 
will produce a clinical patch rupture when applied 
over a few hours or days. That is, material fatigue 
properties may play a role. Factors such as vein wall 
thicl~ess and variations in wall structures are also 
likely to influence the chance of rupture. These factors 
have not been investigated. Vein diameter is easy to 
measure at the time of operation. It appears to play a 
major ole in determining the vein hoop rupture stress 
and hence the pressure required to produce an acute 
rupture. In addition to advising that only veins 
_>3.5 mm in diameter be used for CEA patch recon- 
struction, it is also prudent to keep the common 
carotid bulb major axis diameter <13 mm. The 
combination of vein selection based on diameter and 
a reconstruction tailored to keep the carotid bulb 
small should provide a safe and hemodynamically 
acceptable CEA. 
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DISCUSSION 
Dr. Robert  W. Barnes (Little Rock, Ark.). During the 
past 12 years, more than 75 articles on carotid patching have 
been published, including six by Dr. Archie. Carotid patch- 
ing is proposed to reduce the incidence of postoperative 
carotid thrombosis and recurrent stenosis. Of the 37 papers 
that report outcomes of more than 9000 patients, carotid 
patching would seem to reduce the incidence of early and 
late postoperative thrombosis, restenosis and stroke by 
about one half when compared with primary closure of the 
arteriotomy. However, of the five randomized clinical trials 
that compare carotid patching with primary closure, only 
one showed the benefit of patching in preventing restenosis, 
and in that study the benefit was demonstrated only in 
women, not: men. Furthermore, our report o this associa- 
tion 6 years ago has been followed by several other studies 
that document that the outcome of patients with uncor- 
rected recurrent carotid stenosis i  no different than that of 
patients without carotid restenosis. Such data should give us 
pause in embracing a practice of liberal carotid patching that 
has led to such potential problems as increased operative 
time, vein harvest wound complications, loss of vein for 
future use, postoperative carotid aneurysm, prosthetic 
patch needle hole bleeding or late infection, and the 
most feared complication of carotid vein patching--patch 
rupture. 
From a bioengineering standpoint, Dr. Archie has 
provided us with a benchmark for analyzing the pathogen- 
esis and potential prevention of this complication. How- 
ever, he and most authors believe that larger-diameter v ins 
such as the proximal saphenous vein should be used to 
reduce the risk of patch rupture. I believe that his rigorous 
data show that the almost universal tendency to patch the 
entire length of the arteriotomy, including the area of 
greatest risk of rupture, namely, the carotid bulb, is an 
illogical concept. I would suggest that if carotid patching is 
necessary, especially for small vessels, then the only portion 
requiring apatch is the narrow internal carotid artery distal 
to the carotid bulb. By thus limiting the maximum diameter 
of curvature to about one third or one half that of the 
carotid bulb, the risk of patch rupture might be greatly 
reduced, if not eliminated, regardless of the vein source, 
including my preference for an inverted external jugular 
vein, which I use in about 20% of patients. Furthermore, the 
arteriotomy closure time could be minimized. I would thus 
like to ask Dr. Archie why he, like most all surgeons who 
favor liberal carotid patching, prefers closing the entire 
arteriotomy with a patch. In your manuscript you suggest 
the value of viable endothelial cells along the length of the 
endarterectomy. In the more than 3000 reported patients, 
however, the incidence of postoperative carotid thrombosis 
or restenosis with polytetrafluoroethylene patches that 
harbor no endothelium was no different han that of vein 
patches. 
Dr. Joseph P. Archie. Thank you Dr. Barnes. You have 
raised a very interesting question, namely, why not just 
patch the internal carotid segment of the arteriotomy. I 
don't know what the answer is. I did four or five of these 10 
or 15 years ago. I just didn't like the way they looked. I
found it difficult o just patch on the internal segment of the 
arteriotomy. It ends up looking a little bit like an hourglass. 
I think it is much easier to tailor the whole reconstruction 
with a patch. The entire length would keep the overall 
circumference or diameter of the bulb as small as possible, 
hopefully as small as the size before reconstruction. I  fact, 
that's what happens if you take generous bites of the 
endarterectomized surface. 
The other comment Dr. Barnes made about he differ- 
ence between vein patching and synthetic patches i correct. 
I don't know of any good data that vein patching is any 
different from synthetic patching. One thing that a patch 
does is decrease the probability of making a technical 
mistake, particularly in a patient with a long arteriotomy. 
Dr. Francis Robicsek (Charlotte, N.C.). Dr. Archie 
made a very valuable ffort to recall our attention to the 
significance of wall stress, which is behind all the evil in the 
vascular system. I would like to state, however, that the size 
of the carotid bulb is relevant not only to the success of the 
vein patch, but to the success of all the components of your 
repair. You have the opportunity to see disruption of suture 
lines if the suture is very thin, if the carotid bulb is large, so 
it is advisable to switch from 7-0 to 6-0 suture when you hit 
the carotid bulb if the carotid bulb is large and also in cases 
of extensive ndarterectomies when you have calcified 
plaque and you are left with one layer of cells in the carotid 
wall, the carotid also disrupts if you leave the carotid bulb 
verylarge. Therefore, I agree with you that restoring normal 
carotid bulb size is important, and if you have any doubts 
that the wall stress, because of the large size, is threatening, 
you patch your suture line or the remnant of the carotid wall 
itself. It is a very simple trick to get the thin patch and put 
JOURNAL OF VASCULAR SURGERY 
352 Archie September 1996 
it around the vessel ike a cuff and reinforce the whole 
situation. 
Dr. Richard Bock (Asheville, N.C.). I recently left 
UCLA, where all patients undergo patch angioplasty clo- 
sure of the carotid artery. We don't patch to prevent 
restenosis. Rather, we patch to reduce the incidence of acute 
stroke. I prefer Hemashield patches, and I wonder what 
your thoughts are on these albumin-impregnated Dacron 
patches. They are easily available. They don't require a 
second incision. They don't take away vein that might be 
needed later. They provide ideal hemostasis. They are faster 
and therefore probably cheaper, and the incidence of 
Hemashield patch infection is vanishingly low, only four 
cases that I could find in the English literature. Finally, 
because the patches are so narrow, they become completely 
endothelialized bypannus ingrowth from the suture line. I 
believe this further educes the risk of thrombosis and of 
remote infection. Do you ever use Hemashield patches? 
Dr. Archie. That's an interesting question. My partner, 
Dave Edrington, has about converted me. In the last year 
I've used the very nice 8-ram Hemashield patch, which in 
my view is the first synthetic patch that I've seen that is easy 
to use and that I think is acceptable. I've started patching 
more and more of my patients with it. I 'm still worried 
about early postoperative thrombosis and have heard ru- 
mors that other surgeons have had thrombosis problems. 
We have not seen it yet, and my two partners and I follow 
our patients closely. I 'm a little leery, but I think it's a fine 
patch. 
Dr. Ali F. AbuRahma (Charleston, WVa.). Do you 
have any recommendations as to what size of patch to use 
and how to tailor the patch? I am raising this question 
because we recently completed a study of 399 CEAs in a 
randomized, prospective, controlled study comparing CEA 
with primary closure versus three types of patches. One 
third of the patients had vein patches that were fashioned so 
as to leave 3 to 4 mm of patch material on the upper corner 
of the arteriotomy (internal carotid artery portion) and 4 to 
6 mm on the bulb and bifurcation to maintain the shape of 
the bulb. In the 130 vein patches used, no ruptures were 
noted. Do you have any recommendation or comment? 
Dr. Archie. Any vein over 5 mm in diameter, I usually 
will trim. I have made a number of measurements. The 
postoperative maximum diameter of curvature is almost 
identical to that before surgery. You just use as much vein as 
possible but eat up that endarterectomized wall with 
sutures. You can tailor the reconstruction to look any way 
you want after you do a number. 
Dr. Michael Sobel (Richmond, Va.). If patching still is 
controversial then the use of cephalic veins, jugular veins, 
and upper extremity veins must be even more. Do you have 
any data about rupture strength of upper-extremity and 
neck veins? What are your thoughts about hat? 
Dr. Archie. Dr. Sobel, in the other study I mentioned 
7 or 8 years ago, I did do some rupture pressures on 
external jugular veins, and they are really quite weak. I 
didn't do an extensive study. I can't ell you the numbers, 
but the upper-arm veins and the external jugular vein 
compared with the GSV is not even in the same ballpark. 
That's a very vague answer, but I think if someone went 
through and methodically did a study they would find that 
the rupture stresses and the rupture pressures are signifi- 
cantly lower. 
Dr. G. Patrick Clagett (Dallas, Tex.). I have a question 
with regard to wall thickness. That's the one part of La Place 
equation that you haven't addressed; I get very nervous 
about hin wall veins even though they are large caliber. Is 
that fear justified? 
Dr. Archie. These calculations actually bypass wall 
thickness measurements. The assumption of these calcula- 
tions is that the hoop stress required to rupture the vein in 
its native geometry is the same hoop stress necessary to 
rupture itwhen it is put in the carotid position. I think that's 
a valid assumption. Once you make that assumption, you 
don't have to worry about wall thickness because it cancels 
out of the equation. I share your concern for thin-walled 
veins but believe that diameter, which is easy to measure, is
a reliable guide to selection for use of a patch. 
